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Introduction
	 The	 extensive	 consumption	 of	milk	 and	 dairy	
products	makes	these	foodstuffs	targets	for	poten-
tial	 adulteration	with	 financial	 gains	 for	 unscrupu-
lous	producers	 (Nicolaou	et	al.,	2011).	Common	
adulterations	of	dairy	products	are	the	substitution	
of	 higher	 value	 milk	 by	 nondeclared	 milk	 or	 the	
omission	of	a	declared	milk	species.	Thus,	the	detec-
tion	of	milk	species	is	important	in	cheese	producing	
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From	 70	 samples,	 20	 were	 adulterated	 with	 non-
declared	 cow’s	 milk.	 Impact	 of	 environment	 and	
breed	affilitation	were	described	by	Siviková	and	
Buleca	(1999),	Popelka	et	al.,	(2001),	Buleca	et	
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Analytical methods for the detection of milk and 
milk products adulteration














PCR	 (Mafra	 et	 al.,	 2007)	 are	 worth	mentioning.	
Matrix-assisted	 laser	desorption/ionisation	time-of-
flight	mass	spectrometry	(MALDI-ToF-MS)	is	a	po-
tentially	 useful	 technique,	 with	 proven	 abilities	 in	
protein	identification	and	more	recently	through	the	
use	of	internal	standards	for	quantification	purposes	
of	 specific	 proteins	 or	 peptides	 (Nicolaou	 et	 al.,	
2011).	




	 The	 present	 European	 Community	 reference	
method	 for	 detection	 of	 cow	 milk	 and	 caseinate	
in	cheeses	made	from	ewe	milk,	goat	milk,	buffalo	
milk	 or	mixtures	 of	 ewe,	 goat	 and	 buffalo	milk	 is	




eration	 in	 downstream	 processing	 of	 protein	 mix-
ture.	 In	 chromatographic	 techniques,	 the	principle	
separation	occurs	due	to	the	different	migration	of	




depending	 on	 the	 process	 scale.	 Various	 types	 of	
chromatography	mode	 or	 interaction	 are	 available,	





	 Hydrophobic	 interaction	 chromatography	







ated,	 the	 coefficient	 of	 variation	 for	 alpha-,	 beta-	
and	 kappa-casein	 determination	 ranged	 between	 3	
and	6	%	(Bramanti	et	al.,	2003).
	 Ferreira	 and	 Caçote	 (2003)	 have	 used	 the	
same	technique	(RP-HPLC)	to	detect	and	quantify	
cows’,	 sheep’	 and	 goat’	 milk	 percentages	 in	 milks	




were	 manufactured	 using	 different	 proportions	 of	








made	 from	 binary	mixtures	 of	 cow,	 sheep	 or	 goat	
raw	milk.	
	 Urbanke	 et	 al.	 (1992)	 have	 also	 used	 RP-
HPLC	 for	 control	 of	 the	milk	 adulteration.	 	A	 re-
versed-phase	HPLC	method	 for	 the	 identification	
of	 cow’s	 milk	 has	 been	 developed.	 It	 enables	 the	
detection	of	1	%	cow	milk	in	human	milk	by	bovine	
β-lactoglobulin	 (AB),	 bovine	 α-lactalbumin	 in	 the	
whey	fraction	and	κ-casein	in	the	casein	fraction.




a	 total	 of	 73	 sheep	 and	 goat	 cheese	 samples	were	
purchased	randomly	from	different	markets.	An	im-
munochromatographic	 test	 kit	 was	 used	 to	 detect	
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the	presence	of	cow	milk	in	sheep	and	goat	cheeses.	
No	adulteration	was	found	in	32.6	%	and	20.3	%	of	
sheep	and	goat	 cheese	 samples,	 respectively,	while	
the	presence	of	cow’s	milk	was	detected	in	67.3	%	
and	79.7	%	of	samples,	respectively.
	 Colak	 et	 al.	 (2006)	 have	 used	 immunochro-
matographic	 test	 for	 the	 detection	 of	 cow	milk	 in	
sheep	cheese	presence.	For	this	purpose,	a	total	of	
100	sheep	cheese	samples	were	purchased	randomly	













species	 quantification	 based	 on	 the	 whey	 protein	
fraction	suffer	from	a	shortcoming,	as	that	fraction	



























cies	milk	 or	 cheese,	 in	 principle,	 can	 be	 detected	
through	using	two	basic	ELISA	methods:	sandwich	
ELISA	and	indirect	ELISA,	including	their	different	
variations.	 The	 development	 of	 immunoenzymatic	
methods	and	their	practical	use	depends	mainly	on	
the	 selection	 of	 the	 immunogenes,	 experimental	









































Golian	 (2008)	where	 these	 authors	 have	 focused	
on	 laboratory	 testing	 and	 evaluation	 of	 quality	 pa-
rameters	 of	 the	 ELISA	 tests.	 The	 detection	 and	
quantification	of	 goat	milk	was	based	on	 the	pres-
ence	of	the	specific	immunoglobulins	(IgG).	For	the	










adulteration.	 The	 samples	 pasteurized	 in	 different	
combinations	 gave	 lower	 optical	 density	 responses	
than	those	prepared	from	the	raw	milk	(Fig.	1).	
	 Based	 on	 one	 factor	 analysis	 of	 variance	 (Tab.	
1)	it	was	proven	that	the	absorbance	of	the	defined	










Goat		milk	conc. Sources	of	variability SS Value	P F F	crit
3	%
Mixing 2.28511 0.000 14193 3.5
Total 2.2853
10	%
Mixing 5.57804 0.000 9252 3.5
Total 5.57873
15	%












	 In	 order	 to	 take	 any	 decision	 about	 potential	
frauds,	 the	 industries	 must	 ensure	 that	 the	 milk-
testing	 laboratories	 have	 the	 analytical	 techniques	
validated	 and	 their	 uncertainty	 calculated.	 It	 is	
very	 important	 to	 realize	 evaluation	 of	 a	 commer-
cial	ELISA	method	for	the	quantitative	detection	of	




detection	 of	 cow	 casein	 in	 sheep	milk	 in	 order	 to	
obtain	 high-quality,	 reliable	 and	 economically	 be-
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	 High	specificity	of	this	method	is	also	reflected	
in	 the	concentration	amounts,	 in	which	ELISA	re-










industrial	 food	 processing	 environment.	 However,	
ELISA	also	have	disadvantages	that	should	be	care-
fully	 evaluated	 and	widely	 recognized.	 (Taylor	 et	
al.,	2009).	
	 For	better	quality	determination,	especially	of	
low	 concentrations,	 it	 is	 necessary	 to	 find	 an	 ap-
propriate	dilution	for	various	concentrations	of	cow	
milk	in	the	context	with	the	way	of	its	thermal	treat-
ment	 as	 well	 as	 further	 technological	 processing.	
The	 starting	 point	 for	 obtaining	 relevant	 data	 was	
to	 create	 separate	 regression	 curves	 (Fig.	 3)	 with	
high	deter	mination	coefficient,	which	allowed	quick	
and	easy	detection	of	cow	milk	additions	 in	 sheep	
milk	 in	 cloddish	 cheese	 and	 Slovak	 sheep	 cheese	
(Zeleňáková	et	al.,	2010b). 
PCR
	 In	 relatively	 recent	 years	 molecular	 biology	
techniques	 have	 been	 used	 for	 species	 identifica-
tion	in	food	of	animal	origin.	These	techniques	take	









based	methods,	which	 are	 not	 always	 applied	 and	






control	 over	 the	 variations	 associated	with	 sample	
and	gel	preparation.	







substitution	of	cow	milk	 for	buffalo	milk,	 in	 some	







absolute	 specificity	 for	 the	 two	 species	 and	 a	high	
sensitivity	even	down	to	low	DNA	concentrations	(1	
pg).
	 Mašková	 and	 Paulíčková	 (2006)	 have	 used	




PCR	method	 applied	 utilizes	 the	 sequence	 of	 the	
mitochondrial	 gene	 coding	 cytochrome	 b	which	 is	
specific	for	mammals.	It	uses	the	common	forward	
primer	and	the	reverse	primer	species-	specific.	Af-
ter	 electrophoresis,	 cow	 DNA	 was	 characterised	
by	 the	 fragment	 of	 the	 size	 of	 274	bp,	 goat	DNA	
by	the	fragment	of	157	bp,	and	sheep	DNA	by	the	
fragment	of	331	bp.	The	detection	limit	of	the	de-









	 Mafra	 et	 al.	 (2007)	 identified	 cow	 milk	 in	
sheep	and	goat	milk	by	using	primers	targeting	the	
mitochondrial	 12S	 rRNA	 gene.	 The	 technique	 al-
lowed	 the	 detection	 of	 0.1	%	 of	 cow	milk	with	 a	
35-cycle	duplex	PCR	and	quantification	in	the	range	






milk.	 In	 accordance	with	 the	 stated	 objective	was	
performed	analysis	of	8	intentionally	falsified	sheep	




ples.	 From	 the	 total	 number	 (20)	 of	 the	 analyzed	
sheep	milk	 samples,	 cow	milk	 occurrence	was	de-
tected	in	8	samples.	From	the	30	samples	of	sheep	
cheese,	12	samples	contained	a	mixture	of	the	cow	
milk.	 The	 exceptions	 were	 the	 samples	 of	 Slovak	
sheep	 cheese	 (bryndza),	 such	 as	 traditional	 dairy	





	 This	 article	 deals	 with	 topic	 that	 is	 of	 great	
interest	 for	 broader	 scientific	 public	 as	well	 as	 for	















ketplace.	 However,	 before	 this	 can	 occur,	 strict	
processes	 of	 validation	 would	 need	 to	 be	 under-
taken.	Indeed,	examination	as	to	the	reliability	and	
reproducibility	 of	 such	 protocols	 for	more	 general	
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Analitičke metode u  
identifikaciji vrsta mlijeka i mliječnih 
proizvoda
Sažetak
	 Svrha	 ovog	 rada	 bila	 je	 prikazati	 važnost	 pro-




proizvodnje	 postala	 je	 ustaljena	 praksa	 koja	 može	
prouzročiti	probleme	u	smislu	netolerancije	ili	aler-
gija,	 vjerskih,	 etičkih	 i	 kulturoloških	 prigovora	 te	
propisanih	zahtjeva	kakvoće.	U	radu	su	prikazane	 i	
raspravljene	različite	metode	identifikacije	vrsta	mli-
jeka	 i	 mliječnih	 proizvoda,	 poput	 elektroforetskih,	
kromatografskih,	PCR	i	imunoloških	tehnika.	
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